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Takashi Sugawara* : Further investigations on karyotype and 
C-banding pattern in seven species of Heterotropa 

$t*: 

(PI. I) 

The genus Heterotropa occurs in north subtropical and temperate regions of 
Eastern Asia, especially of China and Japan. About 30 species have been known 
in Japan (Maekawa 1933, 1968), and they have more or less narrow distribution. 
Concerning the Japanese species of Heterotropa, karyological investigations have 
been carried out by several workers (Tanaka 1935, Ono 1960, Yuasa & Maekawa 
1976, Sugawara 1981), and it has been reported that all the species examined 
have the same chromosome number 2n = 24 except in a few cases of polyploid 
(Tanaka 1935, Ono 1960) and resemble one another also in karytoype. Further¬ 
more, it was reported by the author (Sugawara 1981) that in their karyotypes 
one pair of small subtelocentric SAT-chromosomes was found commonly as a 
distinct chromosome, which exhibited a peculiar C-banding style. Based on these 
facts, he suggested that the Japanese species of Heterotropa may be a distinct 
group cytotaxonomically and may be characterized by the presence of one pair 
of the small subtelocentric SAT-chromosomes and by its peculiar banding style. 
However, further investigations on karyotypes and C-banding patterns in several 
species of the genus occurring in Shikoku and Kyushu districts revealed new 
karyological features, deviating from the above-mentioned characteristics. In 
this paper, therefore, I report the results of examination of karyotype and C- 
banding pattern in seven species of Heterotropa and discuss the relationships 
among these species from karyological ponints of view. 

Materials and Methods All the materials examined in this study were col¬ 
lected from native habitats and they were transplanted into the garden of Makino 
Herbarium (MAK), Tokyo. The localities and the number of individuals ex¬ 
amined are listed in Tab. 1. Meristem of root tips was used for analysis of 
karyotype and C-banding pattern. The cytological techniques applied here were 


* Makino Herbarium, Tokyo Metropolitan University, Fukazawa 2-1-1, Setagaya, Tokyo, 158. 
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Tab. 1. Chromosome numbers, 

localities and number of individuals examined. 

Species 

Chromosome T ... -n 

number (2n) Locality" 

Heterotropa 

H. aspera (F. Maekawa) 

F. Maekawa 

24 

Kodeishi (Kyoto Pref.)-10, 

Kannonji (Shiga Pref.)-2, 

Mt. Koya (Wakayama Pref.)-2 

H. hexaloba var. perfecta 

F. Maekawa 

24 

Mt. Kurao (Kagoshima Pref.)-7, 
Mt. Odake (Kagoshima Pref.)-7 

H. subglobosa F. Maekawa 

24 

Mt. Ichifusa (Kumamoto Pref.)-8 

H. okinawensis (Hatusima) 

24 

Mt. Katsuu-dake (Okinawa Pref.)-7 

F. Maekawa 

H, sakawana (Makino) F. 
Maekawa 

24 

Namekawa (Kochi Pref.)-2, 

Sakawa (Kochi Pref.)-6 

H. costata F. Maekawa 

24 

Murotsu (Kochi Pref.)-9, 

Tsuro (Kochi Pref.)-5, 

Nahari (Kochi Pref.)-3 

H. minamitania (Hatusima) 

24 

Hyuga-shi (Miyazaki Pref.)-1 

F. Maekawa 


15 The number of individuals examined is inserted after a hyphen. 


the same as those used in my previous report (Sugawara 1981). The materials 
are now under cultivation and will be preserved in MAK as dried voucher speci¬ 
mens. 

Results 

H. aspera and H. hexaloba var. perfecta. These two closely related species 
have the same chromosome number 2n = 24 (Fig. 1A, B), congruent with previous 
reports (Tanaka 1935, Ono 1960), and their karyotypes and C-banding patterns 
were also similar each other. In each chromosomal complement (Fig. 2A, B), 
one pair of small subtelocentric SAT-chromosomes was found in common as a 
distinct chromosome. The subtelocentric SAT-chromosome of this type showed 
a peculiar C-banding style: the C-bands appeared both at the centromeric and 
at the distal regions of the short arm, but a satellite region lacks a heterochro¬ 
matin (PI. I A, B; Fig. 3A). Therefore, it was easily recognizable in a chromo¬ 
somal complement. The other chromosomes were metacentric, of which four 
chromosomes were somewhat long in length. All the metacentric chromosomes 


16 - 



January 1985 


Journ. Jap. Bot. Vol. 60 No. 1 


17 



Fig. 1. Somatic metaphase chromosomes in seven species of Heterotropa (2n = 24). A: H. 
aspera. B: H. hexaloba var. perfecta. C: H. subglobosa. D: H. okinaxvensis. E: H. 
costata. F: H. minamitania. G: H. sakawana. In A-D, arrows indicate the small sub- 
telocentric SAT-chromosomes, while in E-G the small subtelocentric chromosomes. All: 
x1500. 
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possessed centromeric C-bands which appeared either as a single band or as two 
dots (PI. IA). In some cases, however, the centromeric C-bands were obscure 
or pale. In two metacentric chromosomes, a large C-band was observed at 
the centromeric region. This is a feature observed constantly in all preparations 
examined. Giemsa C-stained interphase nucleus showed numerous chromocenters 
which corresponded with the centromeric C-bands in metaphase chromosomes. 

H. subglobosa. The somatic chromosome number was counted as 2n = 24 for 
the first count to the species (Fig. 1C). The karyotype and C-banding pattern 
of this species are fairly similar to those of H. aspera and H. hexaloba var. 
perfecta stated above. Namely, the karyotype was represented by 11 pairs of 
metacentric chromosomes and one pair of small subtelocentric SAT-chromosomes 
(Fig. 2C). The subtelocentric SAT-chromosome was easily recognizable in a 



Fig. 2. Serial arrangement of the somatic metaphase chromosomes in seven species of Heterotropa 
(2n = 24). A: H. aspera. B: H. hexaloba var. perfecta. C: H. subglobosa. D: H. okinaw- 
ensis. E: H. sakawana. F: H. costata. G: H. minamitania. Bar: 5 am. 
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chromosomal complement, since it showed a peculiar C-banding style as shown 
in PL IC. All the metacentric chromosomes possessed a intensive centromeric 
C-band. Additional intercalary C-bands were found in two metacentric chromo¬ 
somes (PI. IC). 

H. okinawensis. The somatic chromosome number 2n = 24 was counted in 
this species (Fig. ID), congruent with a previous report (Yuasa & Maekawa 
1976). The karyotype of this species was represented by 11 pairs of metacentric 
chromosomes and one pair of small subtelocentric SAT-chromosomes (Fig. 2D). 
In this karyogram, two metacentric pairs no. 1 and no. 2 were somewhat longer 
than the rest, and occasionally showed secondary constrictions on both arms. 
All the chromosomes showed C-bands (PL ID). In two metacentric chromo¬ 
somes, the broad C-band was observed at the centromeric region. Intercalary 
C-bands were found in four metacentric chromosomes; viz, in two large ones, 
the C-band appeared as two dots near the distal region of the arm, and in the 
other two middle-sized ones appeared near the proximal region. In this species 
was also found one pair of the small subtelocentric SAT-chromosomes which ex¬ 
hibited C-bands at the centromeric and at the distal regions of the short arm, 
but a satellite region was negative to Giemsa staining. 

The karyotype represented here is slightly different from that of the pre¬ 
vious report by Yuasa & Maekawa (1976). They reported that H. okinawensis 
contained one pair of small subtelocentric chromosomes instead of small subtelo¬ 
centric SAT-chromosomes. In this study, however, I confirmed that this species 
also possessed one pair of the small subtelocentric SAT-chromosomes in a chro¬ 
mosomal complement. 

H. sakawana, H. costata and H. minamitania. These three closely related 
species had the same chromosome number 2n = 24 (Fig. IE, F, G), and there was 
no difference in karyotype and C-banding pattern among the three species (Fig. 
2E, F, G; PL IE, F, G). Therefore, detailed description of karyotype and C- 
banding pattern is to be made on H. sakawana. In the karyogram of this species 
was found one pair of small subtelocentric chromosomes which, unlike those of 
H. aspera and H. okinawensis stated above, exhibited the C-band only at the 
centromeric region (see Fig. 3B). It was a characteristic chromosome in a com¬ 
plement of this species. The other chromosomes were metacentric. The meta¬ 
centric pairs no. 1 and no. 2 were slightly longer than the rest, and occasionally 
showed secondary constrictions on both arms. All the metacentric chromosomes 
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showed centromeric C-bands which appeared either as a single band or as two 
dots. The broad centromeric C-band was often observed in two middle-sized 
metacentric chromosomes. In Giemsa C-stained interphase nucleus .were found 
many chromocenters which were slightly different in size (PI. IH). 

Discussion Among the 
seven species here examined 
no great differences exist not 
only in chromosome number 
and karyotype but also in C- 
banding pattern. However, 
conspicuous karyological dif¬ 
ferentiations, especially with 
reference to the small chro¬ 
mosomes, are recognized 
among these species (Fig. 3). 

In four species, H. as- 
pera, H. hexaloba var. per- 
fecta, H. subglobosa and H. 
okinawensis, one pair of small 
subtelocentric SAT-chromo- 
somes is commonly found in each chromosomal complement, which shows C-bands 
both at the centromeric and at the distal regions, but a satellite region is nega¬ 
tive to Giemsa C-staining. The chromosomal pair of this type is in good agree¬ 
ment with those found in seven species previously reported (Sugawara 1981). 

In contrast, the remaining three species, H. sakawana, H. costata , and H. 
minamitania, have no subtelocentric SAT-chromosomes in each chromosomal 
complement. This is the most noteworthy result of the present study as dis¬ 
cussed later. In these three species is there one pair of small subtelocentric 
chromosomes in common in each chromosomal complement, and it possesses C- 
band only at the centromeric region (Fig.3B). Thus, the subtelocentric chromo¬ 
some of this type is clearly discriminated from the subtelocentric SAT-chromo- 
some stated above. 

As compared with the latter chromosome, the subtelocentric chromosome is 
slightly shorter in the length of the short arm and lacks a heterochromatic segment 
on the distal region of the short arm. In addition, as far as the karyotypes and 




Fig. 3. Idiograms showing the haploid set of the C- 
banded metaphase chromosomes. A: Heterotropa 
aspera. B: Heterotropa sakawana. 
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C-banding patterns are known within the genus Heterotropa, the presence of 
one pair of the small subtelocentric chromosomes without satellite is restricted 
to these three species. It is therefore considered that the subtelocentric chromo¬ 
some may have derived from the subtelocentric SAT-chromosome by deficiency 
of the distal region of the short arm. To confirm the above-mentioned point, 
however, more detailed cytological investigations are needed. 

According to Araki (1937, 1953), it was considered that the three species 
of H. sakawana, H. costata and H. minamitania had a close relationship to the 
two species of H. aspera and H. hexaloba, and these five taxa were grouped 
into the same section (sect. Aschidasarum) together. While, Maekawa (1933, 
1972) suggested that the former three species should be assigned to a distinct 
section (sect. Sakawanae) separated from the latter two taxa, since the former 
ones were easily distinguished from the latter by having a calyx tube with 
longitudinal lamellae on the inner surface. As already stated above, the three 
species of H. sakawana, H. costata and H. minamitania are clearly different 
from H. aspera and H. hexaloba var. perfecta in form and C-banding style of 
the shortest chromosome in chromosomal complement. Therefore, the three 
species of H. sakawana, H. costata and H. minamitania may be a distinct group 
also from cytotaxonomic viewpoint, which are characterized by having one pair 
of the small subtelocentric chromosomes in each chromosomal complement. 

H. okinawensis is an endemic species restricted to Okinawa Island. Pre¬ 
viously, Yuasa & Maekawa (1976) suggested that the species H. okinawensis 
may represent an ancestral condition in karyotype within the genus Heterotropa, 
since this species had no subtelocentric SAT-chromosomes in a chromosomal 
complement and grew in the Paleozoic lime-stone area in the Ryukyu Islands. 
However, no support for the above suggestion is available from the information 
obtained here, because H. okinawensis also contains one pair of small subtelo¬ 
centric SAT-chromosomes in its karyotype which is common to all of the species 
concerned, except for a few species : H. sakawana, H. costata and H. minami¬ 
tania. 

In conclusion, the present study clearly shows that the three species of H. 
sakawana, H. costata and H. minamitania are unique among the species of 
Heterotropa in karyotype and C-banding pattern, especially of one pair of small 
chromosomes. 
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critical reading of the manuscript. 
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Explanation of Plate I 

Plate I. C-bands in metaphase and interphase nucleus. A, B. H. aspera. C. H. 
subglobosa. D. H. okinawensis. In A-D, arrows indicate the small subtelo- 
centric SAT-chromsomes in which the C-bands appear at the centromeric 
and at the distal regions of the short arm, the satellite being negative to 
Giemsa stainining. E. H. sakawana. F, G. H. costata. In E-G, arrows indi¬ 
cate the small subtelocentric chromosomes in which the C-band appears only 
at the centromeric region. H. Giemsa C-banded interphase nucleus in H. 
sakawana. All: x 1500. 
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Ohba : Occurrence of two bryophytes on a eight-month-old scoria field in Miya- 
kejima Island, Tokyo 
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